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(54) Metal-laminate composite container with easily openable plastic top 

(57) A metal laminate composite container with an 
easily openable plastic top, is described which is com- 
prised of a body of container and an easily openable 
plastic top, that are flange edge welded together. The 
plastic top has a multilayer structure comprising (i) a 
polypropylene layer or a polyethylene terephthalate 
layer, (ii) a modified polypropylene layer, or a modified 
polyethylene terephthalate or polyurethane adhesive 
layer, (iii) an aluminum layer, (iv) an adhesive layer and 
(v) a polypropylene layer, an^ged in this order from the 
inside of container toward the outside thereof. The body 
has a multilayer structure comprising (i*) a polypropyl- 
ene layer or a polyethylene terephthalate layer, (ii*) a 
modified polypropylene layer or a modified polyethylene 
terephthalate layer and (iii*) an iron or aluminum layer, 
arranged in this order from the inskie of container 
toward the outskie thereof. 





CM 
< 

O 

CO 
LO 

00 



o 

fe BEST AVAIUBLE COPY 



Primed by Xerox (UK) Business Services 
2.16.30 4 



EP0875370A2 



Description 

This invention relates to a composite container made of a metal laminate, with an easily openable top made of a 
plastic material. More particularly, it relates to a composite container composed of a top mainly made of a plastic mate- 
rial and a body mainly made of a metal laminate, wherein the top and the body are capable of being fused together to 
form an air-tight seal, and which container does not spoil thef lavor of food or beverage content and Is easy to open with- 
out use of an auxiliary means such as a can-opener. 

In conventional easily openable can-like containers for food and beverages, a partially openable or fully openable 
top made of a metal sheet having a score is double-seamed together with a body made of a metal sheet with the aid of 
a compound material for forming a tight seal. A coating of a thermosetting resin such as an epoxyiJhenolic resin is 
formed on the inner wall of the container to prevent impregnation of the food or beverage with the odor of metal or pre- 
vent corrosion of the metal. TTie top of the conventional easily openable container Is usually made of an iron or alumi- 
num sheet, and therefore. H has problems such that it Is rigid and. when a pulling tab is pulled up by a finger, the nail is 
sometimes cracked or torn. or. after the top is opened, a f inger is wounded by an sharp edge of the scored part of the 
top remaining attached to the body of container. Further, the coating of a thermosetting resin such as an epoxy-phenolic 
resin formed on the inner wall of the top and body of container is heated at a temperature of 150 to 250*>C for several 
minutes When the coating is heated, low-molecular-weight substances such as a residual organic solvent, unreacted 
starting materials, a curing agent and a plastidzer are apt to migrate Into the food or beverage within the metal con- 
tainer This leads to destroy of the flavor and fragrance inherently possessed by the food or beverage, and also a prob- 
lem arises from a viewpoint of food sanitation. The compound materlal used for enhancing the seal attained by double- 
seaming the container also causes similar problems of migration of kw-molecular-weight substances into the food or 
beverage. 

Easily openable container tops made of a plastic material have been proposed as substitutes for the easily opena- 
ble top of container made of metal (for example. Japanese Unexamined Patent Publication No. 59-221256, 61 -287540, 
62-78049 and 63-45014). A typical example of the easily openable plastic container tops have a multilayer structure 
composed of polypropylene/modified polypropylene/aluminum foil/jDolyurethane adhesive/polypropylene/injection- 
molded polypropylene. The layer of aluminum foil is thin, and thus, the top is easy to open. and. there is no fear such 
that when the top is opened, a nail Is cracked or torn. or. after the top is opened, a finger Is wounded by an sharp edge 
of the scored part of the top remaining attached to the body of container. 

As substitutes for the metal sheet having a coating of a thermosetting resin on an inner wall of the top and body of 
container, metal laminates have been proposed which have a multilayer structure composed of. for example, polyethyl- 
ene terephthalateAiron or aluminum sheet/polyethylene terephthalate, or polypropylene/iron or aluminum sheet/jpolypro- 
pylene. The metal laminate can be subjected to drawing to fabricate a body of a two-piece can. or subjected to welding 
to fabricate a body of a three-piece can. The polyethylene terephthalate or polypropylene surface layer of the metal lam- 
inate is formed by polymerization for which a long time is required, and thus, it contains only a negligible amount of low- 
molecular-weight substances. Therefore there is no fear such that low-molecular-weight substances migrate into the 
food or beverage and the flavor and fragrance inherently possessed by the food or beverage are destroyed, and the 
metal laminates are preferable from a viewpoint of food sanitation. 

However, the metal laminates are not suitable for fabrication of container tops because it is difficult to rivet a pulling 
tab on the top of container and make a score thereon. Therefore the top of the conventional easily openable container 
made of an iron or aluminum sheet is still practically used wherein a coating of an epoxy-phenolic resin is formed on tiie 
inner wall of the top. and a compound material for seal Is used when the top and body are double-seamed. Thus prob- 
lems remain unsolved in that the nail is sometimes cracked or torn, or, a finger is wounded by an sharp edge of the 
scored part of container, and there is a fear such that low-molecular-weight substances in the Inner coating and the 
compound material are apt to migrate into tiie food or beverage within the container, leiading to the destruction of the 
flavor and fragrance of food or beverage. It further causes problems of food sanitation, and occurrence of pin holes and 
slow leak In tiie bonded region between the top and body of container. 

In view of the foregoing, a primary ok^ect of the present Invention Is to provide a metal laminate composite container 
with an easily openable plastic top. which is easily opened without cracking or tearing of a nail and does not spoil the 
flavor and fragrance of food and beverages, and the bonded region between the top and body of which has a high bond 
strength sufficient for use as a retorting container. 

The inventors have found that, although it is an easily openable soft plastic top of container is difficult to double- 
seam together with a rigid metal body of container. If the surface layers to be bonded are composed of the same plastic 
material, then the top and body of container are capable of being thermally welded together to a satisfying extent, and 
this is prominent especially when the plastic material Is polyethylene terephthalate or polypropylene. The invention has 
been conpleted based on this finding. 

In one aspect of the present invention, there is provided a metal laminate composite container with an easily open- 
able plastic top, which comprises a body of container and an easily openable plastic top, a flange of said body being 
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edge welded together with a flange of said easily openaWe plastic top; said plastic top having a multilayer structure 
comprising (i) a polypropylene layer, (ii) a modified polypropylene layer, preferably having a cart>oxyl group or an acid 
anhydride group, (iii) an aluminum layer, (iv) an adhesive layer, (v) a polypropylene layer and (vi) an optional plastic 
layer, arranged in this order from the inside of container toward the outside thereof, and said body having a multilayer 

5 structure comprising (i*) a polypropylene layer, (ii') a modified polypropylene layer, preferably having a carboxyl group or 
an acid anhydride group, (iii*) an iron or aluminum layer and (iv*) an optional outer coat layer, arranged in this order from 
the inside of container toward the outside thereof. 

In another aspect of the present Invention, there Is provided a metal laminate composite container with an easily 
openable plastic top, which comprises a body of container and an easily openaWe plastic top, a flange of said body 

10 being edge welded together with a flange of said easily openable plastic top; said plastic top having a multilayer struc- 
ture comprising (1) a polyethylene terephthalate layer, (11) a modified polyethylene terephthalate layer, preferably having 
a melting point lower than that of the layer (i), or a polyurethane adhesive layer. (iW) an aluminum layer, (iv) an adhesive 
layer, (v) a polypropylene layer and (vi) an optional plastic layer, arranged in this order from the inside of container 
toward the outside thereof, and said tiody having a multilayer structure comprising (i) a polyethylene terephthalate 

IS layer, (ii') a modified polyethylene terephthalate layer, preferably having a melting point lower than that of the layer (I*), 
(III') an iron or aluminum layer and (iv*) an optional outer coat layer, ananged In this order from the Inside of container 
toward the outside thereof. 

In the accompanying drawings: 

20 Figure 1 1s a perspective illustration of one example of the container of the invention; 
Fig. 2 is a vertical cross-sectional view of the container illustrated in Fig. 1 ; 

Fig. 3 is a perspective illustration, partiy broken away to show the cross-section, of a top of another example of tiie 
container of the invention; 

Fig. 4 is a partial cross-sectional view of tiie top illustrated in Fig. 3, as its tab is pulled up; 
25 Rg. 5 is an enlarged cross-sectional view illustrating tiie multilayer structure of a top of a container of tiie invention; 
Fig. 6 Is an enlarged cross-sectional view illustrating the multilayer structure of a body of tiie container shown in 
Fig. 5; 

Fig. 7 is an enlarged cross-sectional view Illustrating the multilayer structure of a top of another container of tiie 
Invention; and 

30 Fig. 8 is an enlarged cross-sectional view illustrating the multilayer structure of a body of tiie container shown in 
Fig. 7. 

The metal laminate composite container with an easily openable plastic top of tiie invention comprises a top having 
a multilayer stiiicture and a body having a multilayer structure. One example of tiie container is illustrated in Fig. 1 which 

35 is a perspective view showing separated top 1 and body 7, and in Rg. 2 which is a aoss-sectional view showing the 
state in which tiie top 1 is superposed on the body 7. 

Referring to Fig. 1 and Rg. 2. the top 1 of ttie container has a gas barrier layer 2 and a plastic layer 3 formed on 
the gas barrier layer 2. The plastic layer 3 is provided with a pulling tab 4 and has a score 5. by which tine top 1 can 
easily be opened. The top 1 has a flange 6 at the periphery thereof, at which the top 1 is edge welded with the body 7. 

40 The body 7 is ^rlcated by drawing a metal sheet, and has a flange 8 at the upper periphery thereof which is fitted to 
the flange 6 of the top 1 . After tiie body 7 is stuffed witii food or beverage, ttie top 1 1s superposed thereon and ttien is 
flange edge welded with tiie body 7 to give a stuffed container. 

A top 1 of another example of container of the invention is shown in Fig. 3 which is a perspective illustiBtion. partiy 
broken away to show the cross-section, and in Fig. 4 which is a partial cross-sectional view of tiie top 1 shown in Fig. 

45 3. as its tab 4 is pulled up. For opening the top 1 , a finger is inserted into the hole of tiie tab 4 and the tab 4 is pulled up 
by the finger as illusti-ated in Fig. 4 (tfie finger is not shown in Fig, 4). When ttie tab 4 is pulled up. the gas barrier layer 
2 is partiy broken along a part of the score 5 in the vicinity of the fixed end of the tab 4, and finally, ttie tab 4 witii a main 
part of tiie top 1 is pulled off whereby the top 1 is opened. The gas barrier layer 2 of ttie top 1 can be ttiin, and thus the 
top of the container of ttie invention is very easy to open as compared with ttie conventional container with an easily 

50 openable metal top. 

In ttie container of ttie invention, tiie top 1 can be flange edge welded witii tiie body 7 because the abutting surfaces 
of the top 1 and body 7 are composed of the same tiiermoplastic material, which Is eitiier polypropylene or polyethylene 
terephtiialate. 

One exanple of tiie container of ttie invention comprises a plastic top with a multilayer structure illustrated in Rg. 
55 5 and a body with a multilayer sfructure illusti-ated in Fig. 6. Referring to Rg. 5. ttie multilayer structure of tiie top of con- 
tainer comprises (i) a polypropylene layer 9, (ii) a modified polypropylene layer 10, (iii) an aluminum layer 11. (iv) an 
adhesive layer 1 2, (v) a polypropylene layer 1 3 and (vi) a polypropylene layer 3. arranged in the ascending order upward 
from ttie lowermost layer in Rg. 5. which corresponds to ttie ader from tiie Inside of container toward tiie outside 
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thereof. The f ive layers (i). (ii). (iii), (iv) and (v) constitute a gas tjarrier layer 2. The uppermost polypropylene layer 3 (I.e.. 
the outermost plastic layer of container top) is formed on the gas barrier layer by an Injection molding. 

The lowermost polypropylene layer 9 O.e., the innermost plastic layer of container top) preferably has a thickness 
of 10 to 100 Jim, more preferably 20 to 70 ^im. If the polypropylene layer 9 has a thickness smaller than 10 pm, when 
foreign matter is undesirably present on the surface to be welded, the seal is apt to become defective. In contrast. If the 
polypropylene layer 9 has a thickness larger than 100 fim, a substantial amount of heat is required for welding and. 
when the top is opened, it may become difficult to break the top along the score. 

The modified polypropylene layer 10 Is preferably comprised of acid-modlfled polypropylene which has a carboxyl 
group or an acid anhydride group, Introduced by grafting an unsaturated carboxyllc add or a functional derivative 
thereof such as anhydride, ester or ester metal salt onto polypropylene. Alternatively, the modified polypropylene is a 
copolymer prepared by copolymerization of propylene with an unsaturated carboxylic acid or a functional derivative 
thereof. As specific examples of the unsaturated carboxylic acid used, there can be mentioned acrylic acid, maleic acid, 
tumeric add, tetrahydrophthalic add, itaconic acid, citraconic add. crotonic add and isocrotonic acid. Of these unsatu- 
rated carboxylic adds and functional derivatives thereof, maleic acid and maleic anhydride are especially preferable. 

The amount of the unsaturated cartjoxylic acid or functional derivative grafted or copolymerized is preferably in the 
range of 0.01 to 10% by weight, more preferably 0.05 to 5% by weight. If this amount is smaller than 0.01% by weight, 
the adhesion is apt to be poor. In contrast, If this amount exceeds 10% by weight, the fabrication quality becomes poor! 

The add modified polypropylene can be prepared by conventional methods. For example, an unsaturated carbox- 
ylic add or its functional derivative, and an initiator such as an organic peroxide, e.g., di-tert.-butyl peroxide or 2,5<lime- 
thyl-2,Mi-(tertbutylperoxy)-hexyne-3. are Incorporated In polypropylene by a dry blending method, followed by melt 
kneading the mixture; or polypropylene is dissolved in an organic solvent and an unsaturated cartaoxylic acid or Its func- 
tional derivative, and the initiator are incorporated in the polypropylene solution to allow the cartx3xylic add or its deriv- 
ative to react with polyprcpylene. 

The modified polypropylene layer 10 preferably has a thickness of 3 to 5 jim. By the provision of the modified poly- 
propylene layer 10 between the polypropylene layer 9 and the aluminum layer 1 1, a good adhesion can be obtained 
between the two layers 9 and 1 1 . The acid-modified polypropylene also is benef idal in that the migration of low-molec- 
ular-weight substances into food or beverage upon retorting is prevented or minimized. 

The aluminum layer 1 1 is preferably comprised of an aluminum foil having a thickness of 7 to 70 pm, more prefer- 
ably 15 to 40 \im. By the provision of the aluminum layer 1 1 , oxygen transmission through the top can be prevented and 
deterioration of food or beverage can be avoided. When the top and the body are flash edge welded by high frequency 
irradiation, heat is evolved whereby the polypropylene layer 9 Is melted. If the aluminum layer 11 has a thickness 
smaller tiian 7 fim, there is the fear such that, when the container falls down, the top breaks along the score. In contrast, 
if the aluminum layer has a thickness larger than 70 jim. the production cost and the force required for opening the top 
are increased. 

The adhesive layer 12 is preferably comprised of a modified polypropylene layer having a thickness of 3 to 5 |im or 
a polyurethane coating having a coating thickness of 2 to 8 g/m^. more preferably 3 to 6 g/m^. By the provision of the 
modified polypropylene or polyurethane adhesive layer 12 between the aluminum layer 1 1 and the polypropylene layer 
13, a good adhesion between the two layers 1 1 and 13 can be obtained. The modified polypropylene layer is preferably 
comprised of the alx)ve-mentioned acid-modified polypropylene. 

The polypropylene layer 13 preferably has a thickness of 10 to 70 ^m. more preferably 20 to 40 ^im. The polypro- 
pylene layer 1 3 withstands heat upon retorting. The polypropylene layer 13 is the outermost layer of the gas barrier layer 
2 and thus Is benefidal in that the adhesion between tiie gas barrier layer 2 and the outermost injection-molded poly- 
propylene layer 3 is enhanced. If the polypropylene layer 13 has a thickness smaller than 10 ^m, the processability 
tends to be degraded. Generally there is no need of the thickness exceeding 70 \im because a thicker outermost poly- 
propylene layer is injection-molded on the layer 13. 

The thickness of the gas bamer layer 2. i.e.. the total thickness of the polypropylene layer 9. the modified polypro- 
pylene layer 1 0. the aluminum layer 1 1 . the adhesive layer 12 and the polypropylene layer 13, Is preferably In the range 
of 35 to 200 Jim. more preferably 50 to 150 jim. If the gas barrier layer 2 has a thickness smaller than 35 jim, the falling 
Impact strength of tiie container Is poor. If the gas bamer layer 2 has a ttnickness larger than 200 the top of con- 
tainer tends to become difficult to open. 

For the production of the top of container, the gas barrier layer 2 composed of superposed layers 9, 1 0, 1 1 . 1 2 and 
13 is fabricated into a shape as illustrated in Fig. 1 , and then, the shape is inserted into a mold for injection molding. A 
thermoplastic material such as polypropylene resin is injected into tiie mold whereby the outermost plastic layer 3 is 
formed on the multilayer shape. 

The material for the outermost plastic layer 3 is not particularly limited provided that It is weldable or melt-bondable 
with the polypropylene layer 13. As preferable examples of ttie material for the plastic layer 3. there can be mentioned 
polypropylene or a polyWend of polypropylene witfi otiier resin, for example, polyethylene, polyvinyl chlorkle or pdya- 
mide. 
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A score can be made on the outermost plastic layer 3 simultaneously with the injection molding of the plastic layer 
3. Alternatively, a ring-shaped part of the plastic layer 3 d^ining a peripheral part located outside the circular score and 
a disc-shaped part of the plastic layer 3 defining a central warn part located inside the circular score are separately 
shaped, and the two parts are then engaged together so as to form the circular score with a nan*ow width. 
5 The pulling tab 4 illustrated in Fig. 1 can be molded simultaneously with the injection molding of the plastic layer 3 
so as to be integral with the plastic layer 3. Alternatively the pulling tab 4 can be prepared separately and then bonded, 
for example, by welding, to the plastic layer 3. 

The outermost plastic layer 3 preferably has a thickness of 0.3 to 3 mm. more preferably 0.5 to 1 .5 mm. If the plastic 
layer 3 has a thickness smaller than 0.3 mm, the strength and rigidity of the top tend to be poor. A thickness exceeding 
10 3 mm is not needed from a viewpoint of strength and not preferable from a standpoint of appearance of the container. 
Referring to Fig. 6, the multilayer structure of the body of container comprises (i') a polypropylene layer 14, Oil a 
modified polypropylene layer 15. (iii*) an iron or aluminum layer 16 and (iv*) an outer coating layer 17. anranged in the 
descending order from the uppernmst layer downward in Rg. 6. which con-esponds to the order from the inside of con- 
tainer to the outside thereof. 

75 The innermost polypropylene layer 1 4 and the modified polypropylene layer 1 5 can be formed as an integrated film 
by co-extrusion, and the integrated film can be thermally welded with the iron or aluminum layer 16. The total thickness 
of the polypropylene layer 1 4 and the modified polypropylene layer 1 5 is preferably 1 0 to 1 20 ^m, more preferably 20 to 
70 ^m. The ratio of thickness of the polypropylene layer 14 to the modified polypropylene layer 15 is preferably in the 
range of 40/60 to 95/5. more preferably 70/30 to 90/10. If the total thickness of the two layers 14 and 15 is smaller than 

20 1 0 ^m, the seal tends to be defective when foreign matter is present on the surface to be welded. In contrast, if the total 
thickness of the two layers 1 4 and 1 5 exceeds 1 20 urn, a substantial amount of heat is required for flange edge welding. 
A thicker modified polypropylene layer 15 such that the thickness ratio of layer 14/layer 15 is smaller than 40/60 is not 
needed from the performance requirement and is costly In contrast if the thickness ratio of layer 14/-layer 15 exceeds 
95/5, the uniformity in thickness of the co-extruded laminate of two layers 14 and 15 become poor and sometimes the 

25 modified polypropylene layei* 1 5 has holes through which the polypropylene layer 1 4 abuts on the iron or aluminum layer 
16. 

The modrfied polypropylene layer 15 is preferahdy comprised of a carboxyl group-modified polypropylene. By the 
provision of the modified polypropylene layer 1 5 between the polypropylene layer 1 4 and the iron or aluminum layer 1 6, 
the adhesion between the two layers 14 and 16 is enhariced to a sufficient extent for enabling deep drawing. Undesir- 

30 able migration of low-molecular-weight substances from the carboxyl group-modified polypropylene layer 15 into the 
food or beverage occurs only to a negligible extent. 

The iron or aluminum layer 16 can be comprised of a conventional iron or aluminum sheet. The thickness of the 
iron or aluminum sheet is preferably in the range of 0.1 to 0.35 mm, more preferably 0.15 to 0.3 mm. 

Optionally an outer coat layer 17 is provided on the outer surface of the iron or aluminum layer 16 for preventing 

35 corrosion of the iron or aluminum layer 16. The provision of the outer coat layer 17 is effected, for example, by coating 
the outer surface of the iron or aluminum layer with a plastic paint or thermally welding a plastic film onto the outer sur- 
face of the iron or aluminum layer. The material for the outer coat layer 17 is not particularly limited. As examples of the 
material, there can be mentioned polyolef in such as polypropylene or polyethylene, polyethylene terephthalate or polya- 
mide. The thickness of the outer coat layer 1 7 is preferably in the range of 0.05 to 2 mm. 

40 A plastic-laminated metal sheet composed of the polypropylene layer 14. the modified polypropylene layer 15. the 
iron or aluminum layer 16 and the optional outer coat layer 17 is subjected to drawing for preparing a body of a two- 
piece container or to welding for preparing a body of a three-piece container. The body is provided with a flange for edge 
welding the body with the plastic top of container. The flange of the txxiy preferably has a structure such that it closely 
fits the flange of the plastic top. The bonding width of the flanges is preferably in the range of 1 to 1 0 mm, more prefer- 

45 ably 2 to 5 mm. If the bonding width is smaller than 1 mm, when foreign matter is present on the surface to be welded, 
it is possible that the seal becomes poor, pinholes occur or the falling impact strength is lowered. Generally a bonding 
width exceeding 10 mm is neither required for performance quality nor preferable in appearance. 

The body of the container of the invention is stuffed with food or beverage and then the top of container and the 
body are edge welded together. The way by which the flange wedge welding is effected is not particularly limited, but 

so high-frequency healing is preferable. When high-frequency heating Is effected. Eddy-cun-ents are set up in the alumi- 
num layer of the top and in the iron or aluminum layer of the body by the high-frequency electromagnetic field and there- 
fore induction heating is effected according to the Joule effect. Thus the polypropylene layer 9 in the flange of the top 
of container and the polypropylene layer 14 in the flange of the body are firmly thermally welded together. 

Another example of the container of the invention comprises a plastic top with a multilayer structure illustrated in 

55 Rg. 7 and a body with a multilayer structure illustrated in Rg. 8. Refemng to Fig. 7, the multilayer structure of the top of 
container comprises (i) a polyethylene terephthalate layer 18, (ii) an adhesive layer 19, (iii) an aluminum layer 1 1, (iv) 
an adhesive layer 12, (v) a polypropylene layer 13 and (vi) a plastic layer 3. arranged in the ascending order upward 
from the lowermost layer in Fig. 7. which corresponds to the order from the inside of container toward the outside 
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thereof. The five layers (i), (ii). (iil), (iv) and (v) constitute a gas barrier layer 2. The uppermost plastic layer 3 (i.e., the 
outermost plastic layer of container top) is formed on the gas barrier layer by an injection molding. 

The lowermost polyethylene terephthalate layer 18 (i.e.p the innermost plastic layer of container top) preferably has 
a thickness of 10 to 50 ^m. more preferably 15 to 30 ^ If the polyethylene terephthalate layer 18 has a thickness 

5 smaller than 1 0 ^m. when foreign matter Is present on the surface to be welded, the seal is apt to become defective. In 
contrast if the polyethylene terephthalate layer 18 has a thickness larger than 50 jim, a substantial amount of heat is 
required for welding and, when the top is opened, it may become difficult to break the top along the score. 

The adhesive layer 19 is comprised of modified polyethylene terephthalate or a polyurethane adhesive. The modi- 
fied polyethylene terephthalate is preferably comprised of a copolyester having ethylene terephthalate units and 

70 comonomer units derived from a polycarboxylic acid or a polyhydric alcohol. The polycarboxylic acid includes, for exam- 
pie, isophthalic acid, adipic acid or sebacic acid. The polyhydric alcohol includes, for exanple, ethylene glycol and 1 .4- 
butanediol. The modified polyethylene terephthalate has a melting point lower than that of polyethylene terephthalate. 
The difference of the melting poi nt is preferably 50 to 1 50°C, and more preferably 60 to 1 30**C. If the temperature differ- 
ence is too small, the workability for lamination at a high temperature is poor. The copolyester is commercially available 

15 and includes, for example, Chemit supplied by Toray Inc.. Vitel supplied by Goodyear Co.. and Eastbond supplied by 
Eastman Kodak Co. 

The coating thickness of the polyurethane adhesive layer 19 is preferably 2 to 8 g/m^ and more preferably 3 to 6 
g/m^. By the provision of the modified polyethylene terephthalate or polyurethane adhesive layer 19 between the poly- 
ethylene terephthalate layer 18 and the aluminum layer 11. a good adhesion can be obtained between the two layers 
20 18and11. 

The constitution and performance of the multilayer structure composed of the aluminum layer 11, the adhesive 
layer 12, polypropylene layer 13 and the outermost plastic layer 3 illustrated in Rg. 7 is the same as those of the multi- 
layer structure composed of the aluminum layer 1 1, the adhesive layer 12. polypropylene layer 13 and the outermost 
plastic layer 3, as explained above with reference to Fig. 5. 

25 The thickness of the gas barrier layer 2, i.e. , the total thickness of the polyethylene terephthalate layer 1 8, the adhe- . 
sive layer 19, the aluminum layer 11 , the adhesive layer 12 and the polypropylene layer 13, is preferably in the range of 
35 to 150 Jim, more preferafcrfy 40 to 140 jim. If the gas barrier layer 2 has a thickness smaller than 35 jim. the falling 
impact strength of the container is poor. If the gas bamer layer 2 has a thickness larger than 150 pm, the top of con- 
tainer tends to become difficult to open. 

30 Referring to Rg. 8, the multilayer structure of the body of container comprises (I*) a polyethylene terephthalate layer 
20. (ii*) a modified polyethylene terephthalate layer 21 , (iii') an iron or aluminum layer 16 and (iv*) an outer coating layer 
1 7. an-anged in the descending order from the uppermost layer downward in Fig. 8, which corresponds to the order from 
the inside of container to the outside thereof. 

The modified polyethylene terephthalate layer 21 has a melting point lower than that of the polyethylene terephtha- 

35 late layer 20. and is preferably comprised of the same modified polyethylene terephthalate as that explained above as 
to the adhesive layer 19. The innermost polyethylene terephthalate layer 20 and the modified polyethylene terephtha- 
late layer 21 can be formed as an integrated film by co-extrusion, and the integrated film can be thermally adhered onto 
the iron or aluminum layer 16 in a manner such that the modified polyethylene terephthalate layer 21 is thermally 
welded to the iron or aluminum layer 16, whereby a metal laminate comprising the polyethylene terephthalate layer 20 

40 and the modified polyethylene terephthalate layer 21 can be prepared. 

Alternatively, an integrated film composed of the polyethylene terephthalate layer 20 and the modified polyethylene 
terephthalate layer 21 can be made by a process wherein a biaxially drawn crystalline polyethylene terephthalate film 
is thermally welded to the iron or aluminum layer whereby a polyethylene terephthalate film having a two-layer structure 
is formed on the iron or aluminum layer. One layer of the two-layer structure constitutes the modified polyethylene 

45 terephthalate layer 21 which is in contact with the iron or aluminum layer 16 and has a reduced crystallin'rty, and the 
other layer of the two-layer structure constitutes the polyethylene terephthalate layer 20 which is on the opposite side 
of the film and keeps a high crystallinity. 

The total thickness of the polyethylene terephthalate layer 20 and the modified polyethylene terephthalate layer 21 
is preferably 10 to 120 jim, more preferably 20 to 70 fim. The ratio of thickness of the polyethylene terephthalate layer 

so 20 to the modified polyethylene terephthalate layer 21 is preferably in the range of 40/60 to 95/5, more preferably 70/30 
to 90/10. If the total thickness of the two layers 20 and 21 is smaller than 10 ^m, the seal tends to be defective when 
foreign matter is present on the surface to be welded. In contrast, if the total thickness of the two layers 20 and 21 
exceeds 120 ^m, a substantial amount of heat is required for flange edge welding. A thicker modified polyethylene 
terephthalate layer 21 such that the thickness ratio of layer 20/layer 21 is smaller than 40/60 is not needed from the per- 

55 formance requirement and is costly In contrast, if the thickness ratio of layer 20/layer 21 exceeds 95/5. the uniformity 
in thickness of the co-extruded laminate of two layers 20 and 21 become poor and sometimes the modified polyethylene 
terephthalate tc^er 21 has holes through which the polyethylene terephthalate layer 20 abuts on the iron or aluminum 
layer 16. By the provision of the modified polyethylene terephthalate layer 21 between the polyethylene terephthalate 
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layer 20 and the iron or aluminum layer 16, the adhesion between the two layers 20 and 16 is enhanced to a sufficient 
extent for enabling deep drawing. 

The constitution and performance of the iron or aluminum layer 16 and the outer coat layer 17 illustrated in Rg. 8 
is the same as the iron or aluminum layer 1 1 and the outer coat layer 1 7, as explained above with reference to Fig. 6. 

5 In the metal laminate composite container with a plastic easily openable top of the invention, the plastic easily 
openabie top and the metal laminate body are edge welded together at the respective flange portions. Therefore there 
is no fear of separation of the top from the body of container. Even if the flange portions are cfistorted when the container 
is fallen down, the soft top can be distorted without breakage in complete conformity with the distorted metal laminate 
body Thus pin holes and slow leaks do not occur in the welded flange portions. This is In contrast to a conventional 

10 container composed of a metal body and an easily openable metal top which has a problem of occun-ence of pinholes 
and throw-leaks at a double-seam part between the body and the top. The top of the container of the present invention 
is very easy to open, and, there Is no fear of cracking or tearing of a nail when it Is opened, nor wounding of a finger by 
an sharp edge of the scored part of the top after the top is opened. The flavor or fragrance of the food or beverage within 
the container is not spoiled and the container has no problem in food sanitation. Thus the container of the present inven- 

15 tion is especially useful as a retorting container. 

The invention will now be described specifically by the following examples that by no means limit the scope of the 
invention. 

In the following examples and comparative examples, the performance characteristics of a container were evalu- 
ated by the following methods. 

20 

(1) Ease of opening 

A top of a container was opened and ease of the opening was tested by testing panelists. The test results were 
evaluated according to the following criteria and expressed by five ratings of -2 (worst), -1 (poor), 0 (moderate), 1 (good) 
25 and 2 (excellent). The test was conducted by twenty panelists and the results were expressed by the average rating. 

Criteria: 

(i) Ease of inserting the tip of a finger into the ring of tab. 
30 (ii) Pain felt when the tip of a finger is inserted into the ring of tab. 

(iii) Ease of raising up the tab so that an end of the tab penetrates the top of container. 

(iv) Force required for pulling upward the tab at the initial stage. 

(v) Force required for pulling upward the tab in the mid course of opening. 

(vi) Ease of pulling off the top. 

35 

(2) Light at^sorbance 

A container charged with distilled water was retorted in hot water under sterilizing conditions, i.e., at a temperature 
of 125*^0 for 40 minutes by using a retorting vessel, and then, the light ak>sorbance of the distilled water was measured 
40 by using a cell with an optical path of 10 mm at a wavelength of 195 nm, 225 nm and 300 nm. 

(3) Amount of evaporation residue 

A container charged with distilled water was retorted in hot water at a temperature of 1 25''C for 40 minutes by using 
45 a retorting vessel, and then, the distilled water was evaporated to dryness t>y using a rotary evaporator. The thus- 
obtained residue was dried at a temperature of 105**C for 4 hours. The dried residue was weighed and the weight (mg) 
was divided by the surface area (m^) of the container to determine the amount (mg/m^) of the evaporation residue. 

(4) Ingredient in evaporation residue 

so 

The evaporation residue obtained by the procedure mentioned above in (3) was dissolved in water and analyzed 
by a gas chromatography mass spectrometer. 

(5) Ravor of distilled water 

55 

Retorting was conducted by the same procedure as that described above in (2), and then, the distilled water was 
placed in a cup. Intensity of offensive flavor, degree of offensiveness of flavor, intensity of a bitter taste, unpleasantness 
of a bitter taste and acceptability as drinking water of the distilled water were evaluated by twenty-two blindfolded pan- 
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elists. 
Example 1 

5 A film having a multilayer structure for a gas barrier layer of a container, which was composed of (1) a polypropylene 
layer having a thickness of 42 jim. (ii) an acid-modrfied polypropylene layer having a thickness of 3 \im, pii) an aluminum 
foil having a thickness of 30 jim. (iv) a polyurethane adhesive layer having a coating thickness of 5 g/m^, and (v) a poly- 
propylene layer having a thickness of 30 ^m. arranged in this order from the inside to outside of container, was inserted 
in a mold. The acid-modified polypropylene layer was composed of polypropylene onto which 0.5% by weight of maleic 

10 anhydride had been grafted. Polypropylene was injection-molded onto the inserted multi-layer film to give a multilayer 
plastic top having a thickness of 1 .0 mm, a circular score having a width of 0.8 mm and a flange having a contact width 
of 3.0 mm to be welded with a metal body of container. A pulling tab was adhered to the top whereby a plastic top having 
a shape illustrated in Fig. 1 and Fig. 2 was obtained. 

A metal laminate sheet having a multilayer structure composed of (i) a polypropylene layer having a thickness of 40 

75 >im. (ii) a carboxyl group-modified polypropylene layer having a thickness of 1 0 jim and (lii) an iron sheet having a thick- 
ness of 0.23 mm was drawn in a manner such that a circular flange with a contact width of 3 mm was formed to prepare 
a body of container which had a shape illustrated in Fig. 1 and Fig. 2. 

The body was charged with 250 ml of distilled water and the plastic top was fitted thereon. By using a high-fre- 
quency heating welder, a flange edge welding between the plastic top and the metal laminate body was conducted at 

20 a high-frequency cunrent of 200 kHz, an oscillation time of 1 .8 seconds, a voltage of 180 V and an electrical cun-ent of 
1 2 A to give a container. 

The container having charged with distilled water was placed in a retort vessel and retorted in hot water at a tem- 
perature of 125°C for 40 minutes. 

Ease of opening of the top of container was evaluated by twenty panelists. The evaluation results are shown in 
25 Table 1. 

After the retorting, the light absorbance of tiie distilled water and the amount of evaporation residue of the distilled 
water were measured, and the ingredient of evaporation residue was analyzed. The results are shown in Table 2 and 
Table 3. 

30 Example 2 

Af ilm having a multilayer structure for a gas barrier layer of a container, which was composed of (i) a biaxlally drawn 
polyethylene terephthalate film having a thickness of 20 ^im, (ii) an aluminum foil having a tiiickness of 30 jim, (iii) a 
polyurethane adhesive layer with a coating thickness of 5 g/m^ and (iv) a polypropylene layer having a thickness of 30 
35 iim, an^anged in this order from the inside to outside of container, was inserted in a nwld. Polypropylene was injection- 
molded onto the inserted multi-layer film to give a multilayer plastic top having a thickness of 1 .0 mm, a circular score 
having a width of 0.8 mm and a flange having a contact width of 3.0 mm to be welded with a metal body of container. A 
pulling tab was adhered to tine top whereby a plastic top having a shape illustrated in Fig. 1 and Fig. 2 was obtained. 
Polyethylene terephthalate having a melting point of 260°C and modified polyethylene terephtfialate having a meft- 
40 ing point of 1 90**C ("Chemit" R-1 450 supplied by Toray Inc.) were co-extruded to form a bilayer film having a thickness 
of 50 ^m (the two layers had a thickness of 30 ^m and 20 jrni, respectively). The bilayer film was laminated with an iron 
sheet having a thickness of 0.23 mm. maintained at 250°C, so that the modified polyethylene terephthalate layer was 
adhered onto the iron sheet Then the hot laminate was rapidly cooled to prepare a metal laminate sheet for a body of 
container. The metal laminate sheet was drawn in a manner such that the polyetiiylene terephtiialate film constituted 
45 the inner layer of a body of container and a circular flange with a contact width of 3.0 mm was formed. Thus a body of 
container having a shape illustrated in Fig. 1 and Fig. 2 was obtained. 

The body was charged with 250 ml of distilled water and tiie plastic top was fitted thereon. By using a high-fre- 
quency heating welder, a flange edge welding between the plastic top and the metal laminate body was conducted at 
a high-frequency current of 200 kHz. an oscillation time of 2.5 seconds, a voltage of 180 V and an electrical current of 
so 1 2 A to give a container. 

The container having charged with distilled water was placed in a retort vessel and retorted in hot water at a tem- 
perature of 125''C for 40 minutes. 

Ease of opening of the top of container was evaluated by twenty panelists. The evaluation results are shown in 
Table 1. 

55 After the retorting, the light absorbance of tiie distilled water and the amount of evaporation residue of tiie distilled 
water were measured, and the ingredients of tiie evaporation residue were analyzed. The results are shown in Table 2 
and Table 3. 
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Comparative Example 1 

An iron sheet with a thickness of 0.23 mm having an epoxy-phenolic resin inner coating was fabricated into a cylin- 
drical body. An iron sheet disc made of the same iron sheet as mentioned above and having the epoxy-phenolic resin 
5 inner coating was dOLible-seamed with the cylindrical body through a compound material Inserted in the seamed part 
to fabricate a body of container. The body of container was charged with 250 ml of distilled water, and then, the body 
was douWe-seamed with a fully easily openaWe top made of an aluminum sheet through a compound material inserted 
in the seamed part whereby a threeislece container was fabricated. 

The three-piece container having charged with distilled water was pfaced in a retort vessel and retorted in hot water 
10 at a temperature of 125**C for 40 minutes. 

Ease of opening of the top of container was evaluated by twenty panelists. The evaluation results are shown in 
Table 1. 

After the retorting, the light absort>ance of the distilled water and the amount of evaporation residue of the distilled 
water were measured, and the ingredient of evaporation residue was analyzed. The results are shown in Table 2 and 
IS Tables. 

An organoleptic test for evaluating Intensity of offensive flavor, degree of offensiveness of flavor, intensity of a bitter 
taste, unpleasantness of a bitter taste and acceptability as drinking water of the water was conducted on the distilled 
water after the retorting was conducted by twenty-two panelists. For comparison this organoleptic test was conducted 
on both of the distilled water obtained in Example 1 and the distilled water obtained in Comparative Example 1. The 

20 results are shown in Table 4. The numerals in Table 4 means the number of panelists who felt the evaluated property 
concerned more intensely or strongly in the distilled water obtained in said example than in the distilled water obtained 
in the other example. For example, as for the evaluation of "offensive flavor", numeral "3" in the column of Example 1 
means that three panelists felt an offensive flavor more intensely for the distilled water obtained in Example 1 than that 
for the distilled water obtained in Conparative Exanrple 1 , and, numeral "19" in the column of Comparative Example 1 

25 means that 19 panelists felt an offensive flavor more intensely for the distilled water obtained in Comparative Example 
1 than that for the distilled water obtained in Example 1 . Asterisk * means tiiat a significance is found at a significance 
level of 5 %, and d0L±>le asterisk ** means that a significance is found at a significance level of 1 %. 

Comparative Ex^mplg 2 

30 

A three-piece container was fabricated by the same procedures as described in Comparative Example 1 wherein 
a fully easily openaWe iron sheet top made of an iron sheet witii a thickness of 0.23 mm having an epoxyiDhenolic resin 
inner coating was used instead of the fully easily openable aluminum top with all otiier conditions and procedures 
remaining the same. 

35 Ease of opening of tiie top of container was e\^luated by twenty panelists. The evaluation results are shown in 
Tabfel. 



Tabfel 



40 




Example 


Comparative Example 






1 


2 


3 


4 




Ease of insertion of finger tip Into tab 


0.1 


0.1 


0.1 


0.0 


45 


Pain felt upon insertion of finger tip into tab 


0.0 


0.1 


0.2 


-0.6 


Ease of raise up tab to peneti^ate top 


0.5 


0.4 


-0.4 


-0.8 




Force for pulling up tab at initial stage. 


0.2 


0.2 


-0.6 


-1.3 




Force for pulling upward tab In course of opening 


0.3 


0.3 


-0.5 


-0.7 


SO 


Ease of pulling off top 


0.2 


0.3 


-0.6 


-1.4 




Average rating , 


0.2 


0.2 


-0.3 


-0.8 



55 As seen from Table 1 , the container of the invention with a plastic top is easier to open than the container witii a 
fully easily openable iron top of Conparative Example 2, and also than the container witii a fully easily openable alumi- 
num top of Comparative Example 1 which is easier to open than tiie container of Comparative Example 2. 
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Table 2 





Wavelength 


Example 


Compara. Example 1 






1 


2 




Light absorbance 


195 nm 


0.08 


0.10 


0.72 




225 nm 


0.02 


0.03 


0.23 




300 nm 


0.00 


0.01 


0.03 



As seen from Table 2. the ditllled water charged in the container of the invention (Examples 1 and 2) and retorted 
under sterilizing conditions exhibited a light absoitance at a wavelength of ultraviolet region which is smaller than that 
of the distilled water charged in the container with an aluminum top ((Comparative Example 1). Namely the soluble 
organic matter in the container of the invention is very small. 



Tabled 





Example 


Comparative Example 1 




1 


2 




Amount of evaporation residue (mg/m^) 
Ingredients In evaporation residue 


12.0 
Antioxidant 


12.7 
Ester oligomers 


41.5 

Bisphenol A Derivs. of bisphenol A 
Plasticizer 



As seen from Table 3, the amount of soluble organic matter in the distilled water charged in the container of the 
invention (Examples 1 and 2) and retorted under sterilizing conditions is about one third of the amount thereof in the 
distilled water charged in the container with an aluminum top (Comparative Example 1) and similarly retorted. It Is to be 
noted that the soluble organic matter from the container of Comparative Example 1 comprises bisphenol A, plasticizer 
and others which in recent years present problems from a viewpoint of food sanitation. In contrast, organic soluble mat- 
ter from the container of the invention has no problem from a viewpoint of food sanitation. 



Table 4 





Example 1 


Comparative Example 2 


Significance 


intensity of offensive flavor 


3 


19 




Degree of offensiveness of flavor 


3 


19 


** 


Intensity of a bitter taste 


5 


17 


* 


Unpleasantness of a bitter taste 


5 


17 


* 


Acceptability as drinking water 


19 


3 


** 



As seen from the results of organoleptic examination of flavor and fragrance of the distilled water retorted under 
sterilizing conditions, shown in Table 4, there is a significance between the container of the invention and the container 
of Comparative Example 1 at a significance level of 1 % and 5 %. The container of the invention is characterized as 
much reduced soaking of the offensive flavor or unpleasant taste into the distilled water, and thus, being especially suit- 
able for a container for food and beverages. 

Claims 

1 . A metal laminate composite container with an easily openable plastic top, which comprises a body of container and 
an easily openable plastic top. a flange of said body being edge welded together with a flange of said easily open- 
able plastic top; said plastic top having a multilayer structure comprising (i) a polypropylene layer, (ii) a modified 
polypropylene layer, (iii) an aluminum layer, (iv) an adhesive layer and (v) a polypropylene layer, arranged in this 
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order from the inside of container toward the outside thereof, and said body having a multilayer structure compris- 
ing (i') a polypropylene layer, (ii*) a modified polypropylene layer and fiii") an iron or aluminum layer, arranged in this 
Older from the inside of container toward the outside thereof. 

5 2. The metal laminate composite container according to claim 1 , wherein the polypropylene layer (0 in the plastic top 
has a thickness of 10 to 100 ^im. 

3. The metal laminate composite container according to claim 1 or 2. wherein the aluminum layer 0") in the plastic top 
is comprised of an aluminum foil having a thickness of 7 to 70 |im. 

10 

4. The metal laminate composite container according to any of claims 1 to 3, wherein the adhesive liayer (iv) in the 
plastic top is comprised of a modified polypropylene layer or polyurethane adhesive. 

5. The metal laminate composite container according to any of claims 1 to 4, wherein said modified polypropylene 
IS layer (ii), said modified polypropylene layer constituting the adhesive layer (iv), and said modified polypropylene 

layer (ii') are comprised of polypropylene having a carboxyt group or an acid anhydride group, which has been intro- 
duced by modifying polypropylene with an unsaturated carboxylic acid or a functional derivative thereof. 

6. The metal laminate composite container according to any of claims 1 to 5, wherein the polypropylene layer (v) in 
20 the plastic top has a thickness of 1 0 to 70 ^m. 

7. The metal laminate composite container according to any of claims 1 to 6. wherein the total thickness of the poly- 
propylene layer (i), the modified polypropylene layer (ii). the aluminum layer (iii), the adhesive layer (iv) and the poly- 
propylene layer (v) in the plastic top is in the range of 35 to 200 ^m. 

25 

8. The metal laminate composite container according to any of claims 1 to 7, wherein the plastic top further has an 
outermost plastic layer formed on the polypropylene layer (v), which has a thickness of 0.3 to 3 mm. 

9. The metal laminate composite container according to any of claims 1 to 8. wherein the total thickness of the poly- 
30 propylene layer (i*) and the modified polypropylene layer (ii*) in the body of container is in the range of 10 to 120 nm. 

and the ratio in thickness of the polypropylene layer (i') to the modified polypropylene layer (ii^ is in the range of 
40/60 to 95/5. 

10. The metal laminate composite container according to any of claims 1 to 9, wherein the iron or aluminum layer (iii') 
35 In the body of the container is formed of an iron or aluminum sheet having a thickness of 0.1 to 0.35 mm. 

11. The metal laminate composite container according to any of claims 1 to 10, wherein the body of container further 
has an outermost plastic layer formed on the iron or aluminum layer (iiiO, which has a thickness of 0.3 to 3 mm. 

40 1 2. A metal laminate composite container with an easily openable plastic top, which comprises a body of container and 
an easily openable plastic top, a flange of said tKxiy being edge welded together with a flange of said easily open- 
able plastic top; said plastic top having a multilayer structure comprising (i) a polyethylene terephthalate layer, (ii) a 
modified polyethylene terephthalate layer or a polyurethane adhesive layer, (iii) an aluminum layer, (iv) an adhesive 
layer and (v) a polypropylene layer, arranged in this order from the inside of container toward the outside thereof, 

45 and said body having a multilayer structure comprising (i") a polyethylene terephthalate layer, (ii") a modified poly- 
ethylene terephthalate layer and (iii*) an iron or aluminum layer, arranged in this order from the inside of container 
toward the outside thereof. 

13. The metal laminate composite container according to claim 12, wherein the polyethylene terephthalate layer (i) in 
so the plastic top has a thickness of 1 0 to 50 ^m. 

14. The metal laminate composite container according to claim 12 or 13, wherein the aluminum layer (iii) in the plastic 
top is conprised of an aluminum foil having a thick-ness of 7 to 70 ^m. 

55 15. The metal laminate composite container according to any of claims 12 to 14, wherein the adhesive layer (iv) in the 
plastic top is comprised of a polyurethane coating. 

1 6. The metal laminate composite container according to any of claims 1 2 to 1 5. wherein the polypropylene layer (v) in 
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the plastic top has a thidoiess of 1 0 to 70 ^m. 

17. The metal laminate composite container according to any of claims 12 to 16. wherein the plastic top further has an 
outermost plastic layer fbmied on the polypropylene layer (v), which has a thickness of 0.3 to 3 mm. 

18. The metal laminate composite container according to any of claims 12 to 17, wherein the total thickness of the pol- 
yethylene terepthalate layer (i), the adhesive layer (li). the aluminum layer fiii). the adhesive layer (iv) and the poly- 
propylene layer (v) in the plastic top is in the range of 35 to 150 ^m. 

19. The metal laminate composite container according to any of claims 12 to 18, wherein said modified polyethylene 
terephthalate layer (ii) in the plastic top and said modified polyethylene terephthalate layer {\Y) in the body of con- 
tainer are comprised of a co-polyester having ethylene terephthalate units and units derived from at least one com- 
pound selected from polycartoxylic acids and polyhydric alcohols; and said modified polyethylene terephthalate 
layer (ii) and said modified polyethylene terephthalate layer (ii") have a melting point lower than that of the polyeth- 
ylene terephthalate layer (i) and that of the polyetiiylene terephthalate layer (i*). respectively 

20. The metal laminate conposite container according to any of claims 1 2 to 1 9, wherein the total thickness of the pol- 
yethylene terephthalate layer (i") and the modified polyethylene terephthalate layer (ii') in the body of container is in 
the range of 10 to 120 and the ratio in thickness of the polyethylene terephthalate layer 0') to the modified pol- 
yethylene terephthalate layer (ii*) is in the range of 40/60 to 95/5. 

21. The metal laminate composite container according to any of claims 12 to 20. wherein the iron or aluminum layer 
(iii*) in the body of container is comprised of an iron or aluminum sheet having a thickness of 0.1 to 0.35 mm. 

22. The metal laminate composite container according to any of claims 12 to 21 . wherein the body of container further 
has an outernrtost plastic layer fbmned on the iron or aluminum layer (iii*). which has a thickness of 0.3 to 3 mm. 
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